The mortality and disability of cotton mill workers were studied in five Finnish cotton mills. The population under study comprised all 1065 women exposed to raw cotton dust who had been hired between 1950 and 1971. The minimum exposure period was five years. For the study on disability, the cohort was followed up until the end of 1981. The follow up period for the mortality analysis was from 1950 to 1985. At the end of 1981 the observed number of prevalent disability pensions for respiratory disease was 15, whereas 3 9 were expected (p < 0 01) on the basis of the national figures for women. There were 46 musculoskeletal diseases (27-7 expected, p < 0-01), of which 24 were osteoarthritis (14-5 expected) and 13 rheumatoid arthritis (6-6 expected). The incidence rates of disability pensions were calculated for the period 1969-81. Comparison of incidence rates between cotton mill workers and the Finnish female population showed excessive rates for both respiratory diseases (p < 0 001) and musculoskeletal diseases (p < 0-01), with an excess of new cases of rheumatoid arthritis (p < 0-05). By the end of 1985 the number of person-years was 31 678 and the number of deaths 95. The standardised mortality ratios for the total period of follow up (1950-85) showed no excess for respiratory diseases. Mortality from cardiovascular diseases was also lower than expected. The observed number of tumours was 33, the corresponding expected number 32-0. Thirteen tumours were in the digestive organs (6-6 expected, p < 0-05) and three were lung cancers (19 expected). Five workers had died from renal disease; the expected number was 1-5 (p < 0-05).
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Although respiratory morbidity associated with exposure to cotton dust has been extensively studied, relatively few studies have been published of the long term consequences for disability and mortality of former cotton textile workers.' Increased mortality of workers exposed to cotton dust has been reported for cardiovascular, renal, and respiratory diseases25 (and J B L Tombleson, International conference of the permanent commission and international association on occupational health, Bulgaria, 1971 ), but later studies have not indicated such an excessive mortality.' Inconsistent results have been reported for cancer mortality, with low lung cancer death rates having been observed in several studies.679 Excess mortality from stomach cancer and oral cancer may be seen in the British decennial occupational mortality tables,5 and from gastrointestinal cancer and urinary cancer in the cohort study reported by Henderson and Enterline.6 Excess mortality from nasal adenocarcinoma has also been observed among textile workers.'0
We have previously reported on the mortality and disability of female cotton mill workers with a minimum exposure period of five years in the follow up period 1950-73." A slight excess of malignant neoplasms (11500 of the expected value) and renal diseases was observed. Disability due to diseases of the respiratory system and to musculoskeletal diseases slightly exceeded that of the general female population of the same age.
The purpose of this study was to examine mortality patterns in the same cohort during the follow up period 1950-85, the incidence of new disability pensions between 1969 and 1981, and the prevalence of these pensions calculated at the end of 1981 for 1065 women exposed to raw cotton for at least five years-between 1950 and 1971.
Subjects and methods

SUBJECTS
The population comprised all women exposed to raw cotton who had been hired between 1950 and 1971 by the five Finnish cotton mills, altogether 1065 women. The minimum exposure period was five years.
The workers' names, dates and places of birth, and their work histories at the various cotton mills were taken from the employers' personnel records. Altogether 99-700 of the workers were successfully traced through the Population Data Register. The cohort was then compared with national registers on death, disability, and free medication for chronic diseases. The follow up period for the mortality analysis was 1950-85. The causes of death were ascertained from death certificates according to the eighth revision of the International Classification of Diseases (ICD)."
The calculations of the death rates were based on the primary cause of death. Other (secondary) causes were also coded for the study of disease combinations and case analyses. The death certificates were obtained from the Central Statistical Office of Finland.
New disability pensions awarded to cotton mill workers between 1969 and 1981 were studied and the prevalent number of people receiving these pensions was calculated as of the end of 1981. The causes of disability, coded according to the International Classification of Diseases, were obtained from the Finnish Social Insurance Institution. People with diseases for which medication was free under the national sickness insurance law were followed up until the end of 1981; these data were also obtained from the Social Insurance Institution.
A questionnaire study on occupational history, smoking habits, alcohol consumption, and diagnosed diseases was carried out for the whole cohort (for those still alive or for the next of kin) at the end of 1985. The response rate was 73 2°o. We compared these data with a similarly selected group of 398 female paper box assembly workers not exposed to dust; among these workers the response rate was 77 400.
BASIS FOR COMPARISON
The expected numbers of deaths were calculated from the official statistics on causes of death for the general female population in 1977,13 the median year of all deaths in the cohort. ' In the analysis of the mortality pattern age specific observed and expected numbers of deaths were computed for the causes of death using national figures and standardised mortality ratios. The observed and expected numbers were subdivided into five year periods of follow up and calculated according to years since entry (latency periods). The observed age specific and cause specific numbers of deaths were tested by the Poisson distribution model against the corresponding expected numbers. '8 The age specific and cause specific observed and expected numbers of subjects receiving disability pensions on 31 December 1981 were calculated. The incidence rates of new disability pensions were calculated for the period 1 January 1969-31 December 1981. The Poisson distribution model was used to test the observed prevalent numbers against the expected.'8 The Poisson model was chosen as an approximative method to compare a small population against a large national population. The incidence rates were tested by the Mantel-Haenszel x2 test for incidence data. '9 The observed age specific and cause specific numbers of subjects receiving free medication were calculated at the end of 1981 and compared with the expected numbers at the same date for the general female population of Finland. The Poisson distribution was used to compare the observed and expected numbers.
The age specific occurrences of previously diagnosed diseases reported on the questionnaire were tested by the Mantel-Haenszel x2 test. The comparisons between the cotton mill workers and the non-exposed group were made by stratifying the workers into ten year age classes (for the age range 35-64).
A nested case-referent study design was used for a detailed analysis of rheumatoid arthritis, bronchial asthma, and renal diseases. Cotton mill workers with these diseases-recorded on death certificates or in the disability pension register or in the register of people receiving free medication-were included as cases. Two referents, matched for year of birth, were chosen for each case. Lifetime doses of cotton dust exposure were calculated for the cases and referents by using the occupation specific dust concentrations in each mill in 1972 multiplied by a score of exposure time (2 = 5-9, 3 = 10-19, 4 = e20 years). The mean of the lifetime dose of each two referents was used for the comparison. The breaking points of the dose distributions were defined on the basis of the distribution of the subjects with rheumatoid arthritis and their referents. The first breaking point, six, was the point from which the distribution of cases with rheumatoid arthritis started to differ from that of the referents; the second breaking point, 10, was the median of the rest of the cases and referents in the distribution.
Results
MORTALITY
By the end of 1985 the number of person-years was 31 678 and of deaths 95 (table 1). The SMR for the total period of follow up showed no excess for respiratory diseases. Mortality from cardiovascular diseases was also lower than expected. The observed number of tumours was 33, the corresponding expected value being 32 0. Thirteen tumours were in the digestive organs (expected 6-6, p < 0-05). The excess came from the workers aged 45 or older, and was mainly caused by stomach cancer. The number of stomach cancers was six, the expected value was 3 2 (all the cases were in the age range 35-64, for which the expected value was 2-0, p < 0 05). Only three lung cancers were observed in the whole cohort. Table 2 shows the distribution of various types of cancer. Five workers had died from renal disease, whereas the expected number was 1 5
(p < 0-05).
MORBIDITY Disability
The incidence rates of disability pensions were calculated for the period 1969-81 (fig 1) . Comparison of incidence rates between cotton mill workers and the Finnish female population showed excessive rates for both respiratory diseases (p < 0 001) and musculoskeletal diseases (p < 0 01); the difference was explained by rheumatoid arthritis (p < 0 05). At the end of 1981, 116 workers were receiving disability pensions. The observed number of prevalent disability pensions for respiratory diseases was 15, whereas the expected number was 3 9 (p < 0 001) on the basis of the national figures for women at the same date (table 3) . Eleven of the 15 cases were caused by bronchial asthma and three by pneumoconiosis; one was caused by allergic rhinitis. The number of musculoskeletal diseases was 46 (27-7 expected, p < 0 01), of which 24 were osteoarthritis (14 5 expected) and 13 rheumatoid arthritis (6 6 expected). Mental disorders, altogether 29 cases, constituted the greatest disease group among the remaining 55 disability pensions.
Free medication At the end of 1981 the cotton mill workers suffered from a total of 334 chronic diseases entitling them to free medicines; the expected number was 354 on the basis of age specific figures for the Finnish female population at the same date.
The number of subjects receiving free medication for treatment of congestive heart failure and hypertension was lower than expected (p < 0 01). For bronchial asthma the observed number was higher than expected (p < 0 01) ( but showed an excess in the age classes of 45-64. The number of subjects receiving free medication for rheumatoid arthritis and pyelonephritis was not more frequent among cotton mill workers than among the general female population. with that reported by the non-exposed comparison group (table 5) . The cotton mill workers reported statistically significantly more cases of lung tuberculosis and bronchitis than the comparison group. No other pronounced differences were found in the group of respiratory diseases. The occurrence of cardiovascular diseases was similar in both groups. In cotton mill workers the occurrence of rheumatoid arthritis was 1 7 times that of the comparison group. On the other hand, there was less aching or pain in the neck and shoulders among cotton mill workers than among the comparison group. Lower frequencies were also found for other musculoskeletal diseases. Malignant neoplasms and renal diseases were more often reported by the cotton mill workers than by the comparison group.
Nested case-referent analysis of rheumatoid arthritis, bronchial asthma, and renal diseases Table 6 and fig 2 show the number and proportional distribution of cases and referents in relation to lifetime exposure to dust.
RHEUMATOID ARTHRITIS
The cases of rheumatoid arthritis and their matched referents were distributed similarly up to a dust exposure index of six (table 6) . The difference between the series became evident in the higher categories of exposure. The cases were exposed more than the referents (fig 2) but the difference was not statistically significant. The most exposed cases were equally distributed throughout the age range of all cases. The high lifetime exposure score was attributed to both high dust concentrations and long exposure periods.
The median age at onset of rheumatoid arthritis among the cases was 47 (range 29-64) and the median interval between the start of cotton mill work and the onset of rheumatoid arthritis was 20 years (range 2-36). Sixty two per cent of all cases and 69% of the referents had never smoked. Seven of the nine most exposed cases had never smoked. Two of the nine most highly exposed cases had byssinosis and one had emphysema in addition to bronchial asthma.
RENAL DISEASES
The distribution of cases of renal disease according to lifetime exposure to cotton dust differed from that of the referents in the range of low and medium exposure (table 6, fig 2) . The heaviest exposure scores among the cases were due to high dust concentrations rather than long exposure periods.
Discussion
The results of this study are discussed in terms of the formation criteria of a cohort with an exceptionally high selection of jobs. The cohort was restricted to workers who had been exposed for at least five years and had first started raw cotton work between 1950 and 1971. During this period, altogether some 9000 women had started this type of work but only 1065 of them were still engaged in it five years later. The turnover of employees within two weeks was one in ten and within three months one in four; only 53% of the new employees continued working with raw cotton for at least one year and only 13% for at least five years." The effect of health selection was evident both in the cross sectional health survey of current cotton mill workers in 1970-2' and in the earlier follow up study of mortality and morbidity." The effect of cigarette smoking on the disease processes associated with exposure to cotton dust has been discussed repeatedly.2' In the present study we judged the possible confounding effect of smoking to be low on the basis of the following observations: firstly, the proportion of smokers among the Finnish female population during 1950-70 was low; secondly, the smoking habits of the cotton mill workers were practically the same as those of Finnish female cohorts in the same period22; thirdly, in the light of the replies to the questionnaire, smoking among our cotton mill workers did not differ from that of the comparison population of paper box assembly workers; fourthly, only 45%o of all cases of cancer were verified as smokers; and, finally, in the case-referent analysis of rheumatoid arthritis, bronchial asthma, and renal diseases the smokers in the case series did not associate with any particular score level of lifetime exposure to dust. It is unlikely that even a synergistic effect of cotton dust as exposure to organic dust and smoking would have produced excess mortality from lung cancer with the construction of latency phases between 14 and 35 years in this cohort.
Further, the potential confounding lifetime occupational exposure may be regarded as negligible because of the low frequencies and the lack of concentration in any particular group of disease-for instance, cancer.
RESPIRATORY DISEASES
There was no evidence of increased total mortality or mortality from respiratory diseases among cotton mill workers. This agrees with several earlier studies. 23 Mortality is unlikely to be affected, because there is no evidence of exposure to cotton dust, even after many years, producing emphysema or interstitial fibrosis or any other permanent pathological changes of the lung.2324 Nevertheless, excess morbidity from some other non-fatal respiratory diseases-for example, bronchial asthma and chronic bronchitis-in the cohort may decrease the mortality from respiratory diseases. Both these factors cause underreporting of pulmonary diseases on the death certificates of cotton mill workers. Furthermore, the cohort of workers had thinned down in the course of five years to about 13% of its original size. It is therefore conceivable that individuals with atopy, respiratory tract sensitivity, or any other type of constitution making them likely to develop symptoms shortly after starting work almost certainly leave their jobs during the first five years. This healthy worker effect might also explain the decreased number of observed deaths from cardiovascular diseases (SMR 77).
Our results on disability and free medication indicate serious long term, work related morbidity among cotton mill workers, although the total number of disability pensions due to respiratory diseases included some acute respiratory disorders. In general, low mortality from respiratory cancer has been reported among cotton textile workers.6824 There are conflicting data on the incidence of cancer of the digestive and urinary tract among these workers.56
In the present study the increase in the number of gastrointestinal and lung cancers among workers exposed to cotton dust is of interest. Physically, the ultimate target organs for inhaled dust are both the respiratory and the digestive tracts. A similar excess of cancer mortality due to lung and stomach cancer has also been observed among workers exposed to inorganic dusts such as silica.' In none of these instances is the pathogenetic mechanism understood. Consequently, our results do not support the hypothesis that the endotoxins in cotton dust provide protection against the development of cancer.9 Conclusion Exposure to cotton dust induces a certain disease pattern. Satisfactory detection depends on cohort definition and duration of follow up4" as well as on the quantity of exposure. The first symptoms of respiratory diseases are often masked by high turnover rates. This healthy worker effect may delay manifestation of chronic respiratory diseases or decrease mortality, or both, from those diseases in a cohort. So far as cancer is concerned, many dust exposed industrial cohorts-for instance, foundry workers, granite workers, coal miners-first show an increased risk of stomach cancer and during the subsequent follow up periods, risk of lung cancer.4042-4" Furthermore, cotton dust also appears to increase the morbidity of renal disease and rheumatoid arthritis. For these diseases, the common pathogenetic denominator may be the systemic effects of inflammatory mediators induced by exogenous dusts.
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